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© Method and apparatus for depositing metal fine lines on a substrate. 



© This invention is concerned with the method and 
apparatus for forming a desired pattern of a material 
of either the conductive or non conductive type on a 
great variety of substrates. It is based on the use of 
a pen which essentially consists of a refractory tip 
wetted with the material in the molten state. The pen 
(10) first consists of a pointed tungsten tip (11) 
attached, e.g. by micro welding, to the top of a V- 
shaped tungsten heater (12), forming an assembly 

(14) . The tip and the heater top portion are roughen- 
ed at the vicinity of the welding point (13). In turn, 
the extremities of the V-shaped heater are welded to 
the pins (16, 16') of a 3-lead TO-5 package base 

(15) . The pen (10) is incorporated in an apparatus 
adapted to the direct writing technique. To that end, 
the pen is attached to a supporting device capable 
of movements in the X, Y and Z directions, while the 
substrate is placed on an X-Y stage for adequate X, 
Y and Z relative movements therebetween. The two 
pins of the pen are connected to a power supply to 
resistively heat the heater. When the welding point 
of the tip/heater assembly reaches the melting point 
temperature of the material to be deposited, it is 
dipped in a crucible containing the said material in 
the molten state. The welding point nucleates a 
minute drop of the liquid material thus forming a 



reservoir. A thin film of the liquid material flows from 
the reservoir and wets the whole tip surface. Finally, 
the wetted tip is gently brought into contact with the 
substrate and deposition of the material can take 
place, as soon as the substrate is adequately 
moved, to produce the said desired pattern. 



o 
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BNSOOCID: <£P_0637057A1J_> 



Rank Xerox (UK) Business Services 
<3. 10/3.09/3.3 4> 



« 



EP 0 637 057 A1 



The present invention relates to a method and 
an apparatus for depositing various materials of 
either the conductive or non conductive type on a 
great variety of substrates. It more particularly re- 
lates to a method and an apparatus for the direct 
writing of a desired conductive pattern of metallic 
conductors on an insulating substrate, based on the 
use of a pen which essentially consists of a refrac- 
tory tip wetted with the metal in the molten state. In 
a specific application to VLSI semiconductor in- 
tegrated circuit (IC) chips, the use of an extremely 
thin pointed tip results in the formation of ultra-fine 
lines of pure metal. The deposition process is 
performed at relatively high speed and produces 
thick lines with an excellent resolution. 

Different conventional methods have been em- 
ployed so far to form patterns of a conductive 
material on a substrate in connection with the fab- 
rication or repair of semiconductor IC chips. As a 
matter of fact, it is often necessary to form patterns 
of a conductive material on a semiconductor struc- 
ture at different times of the chip fabrication, to 
provide the necessary contacts, electrodes, and 
conductors (or lines) that are required to meet the 
various connection/interconnection needs. Conduc- 
tive materials include doped polysilicon, low melt- 
ing point metals such as aluminum (Al) or metal 
alloys such as aluminum-silicon (Al-Si), gold-silicon 
(Au-Si), and refractory metals such as tungsten 
(W), tantalum (Ta), and chromium (Cr). However, 
low melting point metals and metal alloys are by 
far, the most employed conductive materials in the 
semiconductor industry. 

A typical method of forming patterns of metal 
is to combine lithography and a deposition tech- 
niques. E-beam evaporation or sputtering deposi- 
tion and lift-off lithography are the standard tech- 
niques used to date. Typically, a thick photoresist 
layer is first formed onto the semiconductor struc- 
ture. The resist is exposed using a photomask. 
This exposure step serves to trace a predeter- 
mined pattern in the resist inducing localized 
chemical reactions in the exposed regions. Then, 
the resist layer is developed in a suitable solvent, 
and the exposed regions (in case of a positive 
resist) are removed. Next, a metal layer is blanket 
sputtered onto the structure. Finally, the remaining 
portions of the resist layer are removed, leaving the 
desired complementary metal pattern on the struc- 
ture surface. 

The above described method is extensively 
used in the industrial production of semiconductor 
IC chips. However, it has some significant limita- 
tions as far as chip customization and repair are 
concerned. The conventional method described 
above is still used in the customization (or per- 
sonalization) steps of CMOS gate arrays. For in- 
stance, eight of the 12 photomasks of a typical 
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CMOS process are generic. However, there is a 
strong demand of customers for fast turn-around 
times of prototypes, small production volumes and 
significant engineering support in the chip design 

5 and evaluation stages, which puts an heavy pres- 
sure on gate array producers. Obviously, lithog- 
raphy is hardpressed to cope with the very short 
delays given by the customer to produce a 
customised chip or to repair a defective chip. As a 

70 consequence, the above described method cannot 
be used for instant customization of ASICs (Ap- 
plication Specific Integrated Circuits) or chip repair. 

Likewise, different conventional methods have 
been employed to form patterns of an opaque 

75 material in connection with the manufacture of 
photomasks, but usually, using another lithographic 
technique. 

For instance, according to a typical process of 
fabricating photomasks, a metal (typically chromi- 

20 um) coated transparent glass plate is first covered 
with a radiation sensitive resist layer. The resist is 
exposed using a well collimated E-beam, then de- 
veloped as standard. The remaining patterned re- 
sist layer acts as a protective layer for the under- 

25 lying metal coating. In turn, the unprotected metal 
is etched up to the glass plate. Finally, the remain- 
ing resist layer is removed, leaving opaque zones 
of metal on the glass plate surface. As known for 
those skilled in the art, photomasks are currently 

30 employed in the lithographic steps in the course of 
IC chip manufacture. As far as fabrication of 
photomasks is concerned, this lithographic process 
tends to develop two groups of defects: unwanted 
portions left unremoved (so-called black-spot de- 

35 fects) and portions needed but unintentionally 
etched away, (so-called clear or white-spots de- 
fects). 

This method is extensively used for the indus- 
trial production of photomasks, but is clearly inap- 

40 plicable to their repair. Using an additional lithog- 
raphic step to repair a defective mask, by perform- 
ing localized metal deposition thereon, would be 
pure non sense, and more often than not, a new 
mask is produced. 

45 In summary, above lithographic based methods 

are well adapted to the mass production of semi- 
conductor IC chips or photomasks, but not for 
applications such as IC chip small volume produc- 
tion, IC chip customization and repair, and finally 

so mask repair. In addition, lithography has very high 
capital and operating costs, due to the sophisti- 
cated E-beam or photoaligner apparatus that are 
required to trace the pattern. As a result, alternate 
methods eliminating lithographic steps during 

55 prototyping and engineering have been sought to 
improve flexibility and save time and expense for 
these applications. 
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In that regard, two recent techniques known 
under the name of Focused Ion Beam (FIB) and its 
variant Focused Ion Beam-Chemical Vapor Deposi- 
tion (FIB-CVD) obviate most of the drawbacks of 
above mentioned conventional lithographic pro- 
cesses. In particular, they are quite adapted to the 
ablation of metal fine lines and to the deposition of 
metal fine lines respectively. Consequently, they 
find a number of applications, in various fields of 
the semiconductor technology, and in particular, in 
the repair of IC chips and masks, but also in others 
related fields such as process monitoring, de- 
fect/failure analysis, device evaluation, sample 
preparation for microscopy and micro-analysis, and 
the like. In particular, the FIB-CVD is considered to 
date as a very promising deposition technique at 
the verge of a tremendous and rapid development 
in the semiconductor industry. 

In a classical configuration adapted to metal 
deposition, the FIB-CVD station is housed within a 
column-shaped vacuum chamber that includes an 
X-Y stage capable of controlled movements in the 
X-Y directions of an horizontal plane. The column 
encloses a high brightness liquid metal ion source 
which consists of a sharp needle wetted by a film 
of said metal, typically gallium (Ga), in the molten 
state. The molten metal travels by capillary action 
to the needle of the ion source, where it is ionized. 
An extraction electrode having a difference voltage 
potential with the ion source extracts said beam of 
ions from the source. There is produced a beam of 
charged particles, i.e. ions, that appear to emanate 
from a point. A ExB mass separator can be used to 
select only the desired ion species and deflect the 
undesired species out of the beam (case where a 
metal alloy is used). A series of lenses is placed on 
the ion beam path to focus the ion beam. Next, a 
beam deflector is used to scan the beam over the 
substrate. The substrate which forms the target for 
the FIB is generally placed on top of an heating 
element affixed on the X-Y stage. A thermo-couple 
sensor senses the substrate temperature to provide 
a control to the heating element. The substrate is 
heated to a temperature which is high enough to 
support growth of the desired material. The com- 
pound which includes the material to be deposited 
upon the substrate is held in a gaseous state within 
a reservoir. A gaseous organometallic compound, 
e.g. tungsten carbonyl, is typically used as the 
working gas. A valve controls the flow of the work- 
ing gas from the reservoir through a nozzle, which 
terminates at the very close vicinity of the sub- 
strate, and directs a flow of gas onto the desired 
portion thereof. A few atomic layers of the working 
gas are adsorbed by the substrate surface. 

The focused ion beam generated by the liquid 
metal ion source is projected onto the substrate 
and scanned thereon by the beam deflector, so 
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that the working gas is decomposed. The tungsten 
film is only formed in that area where the ion beam 
impinges the gas. The metal fine lines are formed 
continuously. The focused ion beam is scanned 

5 along a predetermined locus, corresponding to a 
desired circuit connection line (preferably in mul- 
tiple scans), to grow the metal until the required 
thickness is obtained. This is clearly a lengthy 
process, and because the ion beam intensity has a 

w value that can be increased only in a limited extent, 
it is quite impossible to trace relatively long lines, 
e.g. 1 mm. unless to suffer of an excessive loss in 
terms of resolution. The secondary electrons emit- 
ted from the surface of the substrate are detected 

15 by a detector, amplified and processed to be finally 
displayed on an appropriate display as a high 
resolution SIM (Scanning Ion Microscope) image. 
Because, a control unit drives the X-Y stage, it is 
possible to observe the SIM image of any desired 

20 portion of the substrate, which is a significant ad- 
vantage for chip or mask repair. 

The FIB-CVD station described above, is per- 
fectly suited to perform additive processes, such as 
deposition of metals, but it suffices not to use said 

25 working gas to transform the station in an equip- 
ment adapted to subtractive operations such as 
etching (reverse sputtering), hole drilling, wire cut- 
ting, ...etc. As a result, the FIB and FIB-CVD tech- 
niques have some various and interesting applica- 

30 tions. 

For instance, although the FIB-CVD technique 
has limited use in the manufacture of IC chips to 
form electrical connections on the semiconductor 
structure (wherein active and passive devices have 

35 been previously formed by appropriate lithography 
and implantation steps), it is widely used in the 
repair of such chips. If there is a missing portion, 
i.e. an open in a metal interconnect line that was 
previously deposited (as a result of an original 

40 manufacturing defect), the line can be repaired by 
simply scanning the open area to deposit new 
metal and fill the open as described above. 

According to the FIB-CVD technique, there is 
no limitation in the nature of metals to be depos- 

45 ited. For instance, refractory metals, including tung- 
sten, which has the highest melting point tempera- 
ture of about 3370 °C, are easily deposited on an 
insulating or a silicon substrate, in using metal 
carbonyl compounds. However, the deposition of 

so such refractory metals is more acute when GaAs is 
the semiconductor material, because GaAs is not 
easily oxidized and metallized and this disadvan- 
tage severely limits the development of this tech- 
nology to date. For example, refractory metal gate 

55 electrodes are currently applied to GaAs MESFET 
devices by sputtering and E-beam evaporation. 

In both of these processes, damage can occur 
to the GaAs surface. Sputtering causes impact 

3 
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damage and E-beam evaporation results in dis- 
sociation of GaAs. The preferred method of depos- 
iting refractory metals, is a variant of the FIB-CVD 
technique described just above, so-called 
photodeposition. As disclosed for instance in US-A- 
4451503 assigned to IBM, photodeposition uses 
ultraviolet radiation of wavelengths less than 200 
nm to photodecompose the gaseous metal car- 
bonyl compound in the vicinity of the GaAs wafer. 

For the same reasons, the FIB/FIB-CVD tech- 
niques are not adapted to the manufacture of 
masks, to form the opaque chromium patterns on 
the glass plate, but they are much appreciated in 
mask repair applications, either to deposit new 
metal in white spot defects that develop in the 
mask pattern or to ablate undesired metal portions 
thereof. Again, in this instance, the SIM image is 
much appreciated, because it is quite interesting to 
determine exactly the positions of the mask defects 
to be repaired. Moreover, as mentioned above, it is 
very simple to transform the FIB-CVD station in a 
FIB station adapted to eliminate undesired shorts at 
the surface of the said IC chips by ablation. 

In summary, the FIB/FIB-CVD techniques have 
numerous applications, including the in-situ forma- 
tion of metal patterns to be used as circuit connec- 
tions during the repair or customization of an IC 
chip, and the formation of additional opaque pat- 
terns during the repair of photomasks. 

Unfortunately, in particular, the FIB-CVD pat- 
tern forming process has some significant 
drawbacks. 

In order to obtain a good resolution, a low ion 
beam intensity is required, which in turn implies a 
ion beam having a very small diameter size, e.g. 
30-40 nm. To create a 2umxuum conductor thus 
requires multiple scans. The requirement of a rela- 
tively high ion dose and the fact that the ion beam 
must be left on the substrate during the entire 
deposition period, with multiple scans of the line to 
be deposited, significantly slow down the speed at 
which lines are written. The rate of line or pattern 
build-up to a desired thickness is finally very low. 

Because it is a chemical deposition process, 
the resolution is naturally poor. Any attempt to 
raise the build-up rate mentioned above, would 
require to increase said ion beam intensity, causing 
the ion beam to go out of focus, which in turn, 
would result in spreading away the sputtered ma- 
terial in excess. 

High resistivity conductors are obtained. Impu- 
rities, typically carbon and gallium atoms, are im- 
planted during the pattern forming process. When 
formation of ultra-fine lines is required in VLSI IC 
chips, the impurity level of the deposited lines may 
be quite high, i.e. exceeding 25%, and thereby 
results in sheet resistivity much higher than de- 
sired. 



As a consequence, for the reasons stated 
above, the FIB-CVD technique is limited to the 
deposition of relatively short lines, because long 
lines would be too resistive and would also require 
5 too much time. 

Organometallic products, such as tungsten car- 
bonyl W(CO)6, molydenum carbonyl Mo(CO)6, 
chromium carbonyl Cr(CO)6, and the like, that are 
extensively used in FIB-CVD, are dangerous and 
w toxic compounds. 

The conventional FIB-CVD station is a rela- 
tively complicated and expensive equipment and 
has high operating costs. It mandatorily requires to 
operate in a vacuum environment. Generally, the 
75 FIB-CVD station is placed in the vacuum chamber 
of an scanning electron microscope (SEM). 

The FIB-CVD process requires relatively high 
dosage, on the order of 10 17 ions/cm 2 or greater to 
deposit patterns or lines that are only a few hun- 
20 dred nanometers thick. The use of such an high 
dosage, can result in damages at the wafer sur- 
face. 

The step of deposition requires relatively high 
temperatures (e.g. 300 ° C) to heat the substrate, 
25 and should the substrate be a semiconductor wa- 
fer, the presence of this elevated temperature can 
result in detrimental phenomenon within the de- 
vices integrated there and could temporarily or 
even permanently alter the electrical characteristics 
30 of the said devices. 

High aspect ratios are achieved with the FIB- 
CVD technique. A common problem attached 
thereto is attributable to the sharp step of conduc- 
tors that are formed, while in most cases, conduc- 
es tors with tapered edges would have been preferred 
to avoid the step coverage effect with its well 
known related reliability problems. 

Thus, although ion beams can be focused to 
below a micron in diameter and thus have the 
40 potential for submicron resolution, a practical way 
to integrate rapid and efficient metal line deposition 
into an IC chip manufacture and repair process has 
not previously been found so far. As a result, there 
still remains the pressing necessity of a new tech- 
45 nique that would entail the maximum of the advan- 
tages of the FIB-CVD deposition technique (possi- 
bly introducing functions not performed by the 
same), while retaining only a minimum of its incon- 
veniences. Moreover, it should be preferably adapt- 
so ed to provide some of the subtractive features of 
the FIB technique. Finally, it would be highly desir- 
able this new technique be applicable to the fab- 
rication of IC chips, so that a totally mask free 
fabrication of IC chips with no lithography steps, 
55 could be envisioned. Of course, such a new tech- 
nique should be perfectly adapted to the 
customization and repair of IC chips and to the 
repair of masks as well, as presently FIB-CVD and 
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FIB techniques do. 

Therefore, it is a primary object of the present 
invention to provide a method and an apparatus for 
depositing various materials of either the conduc- 
tive or non conductive type on a great variety of 
substrates. 

It is another object of the present invention to 
provide a method and an apparatus for the direct 
writing of a desired conductive pattern on a sub- 
strate having either a regular or irregular surface. 

It is another object of the present invention to 
provide a a method and an apparatus for deposit- 
ing a metat pattern on a substrate to form electrical 
connections at a relatively high speed. 

It is another object of the present invention to 
provide a a method and an apparatus for deposit- 
ing a metal pattern on a substrate to form electrical 
connections with precise dimensions. 

It is another object of the present invention to 
provide a method and an apparatus for depositing 
a metal pattern on a substrate to form electrical 
connections with a resistivity equal to the one of 
the bulk metal. 

It is another object of the present invention to 
provide a a method and an apparatus for deposit- 
ing a metal pattern on a substrate to form electrical 
connection lines of any desired lengths and widths. 

It is another object of the present invention to 
provide a a method and an apparatus for deposit- 
ing a metal pattern on a substrate that do not use 
any toxic compounds. 

It is another object of the present invention to 
provide a a method and an apparatus for deposit- 
ing a metal pattern on a substrate that requires a 
relatively cheap equipment of simplified construc- 
tion with low operating costs. 

It is another object of the present invention to 
provide a a method and an apparatus for deposit- 
ing a metal pattern on a substrate that is capable to 
fill via-holes formed in said substrate. 

It is still another object of the present invention 
to provide a method and an apparatus for deposit- 
ing a metal pattern on a substrate that do not 
damage the surface of the substrate. 

It is still another object of the present invention 
to provide a method and an apparatus for deposit- 
ing a metal pattern on a substrate that can be 
normally performed at room temperature. 

It is still another object of the present invention 
to provide a method and an apparatus for deposit- 
ing a metal pattern on an insulating substrate, 
whose lines have tapered edges and rounded cor- 
ners for improved reliability. 

It is still another further object of the present 
invention to provide a method and an apparatus for 
depositing a pattern of a refractory metal on a 
GaAs substrate. 
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It is still another further object of the present 
invention to provide a method and an apparatus 
normally constructed for depositing conductive and 
non conductive materials on a substrate, that can 
5 be easily adapted to some subtractive processes 
such as scribing and electroerosion. 

It is still another further object of the present 
invention to provide a method and an apparatus for 
depositing successive metal (nd insulator as well) 

w patterns on a substrate that could lead to a totally 
mask-free fabrication of IC chips. 

It is still another further object of the present 
invention to provide a a method and an apparatus 
for depositing a metal pattern on a substrate, that 

/5 is particularly well adapted to the customization 
and repair of IC chips and to the repair of 
photomasks as well. 

These objects will be accomplished by the 
method and apparatus of the present invention 

20 according to the subject claims. 

The method and an apparatus of the present 
invention allows the direct writing of a desired 
pattern of a given material on a substrate. It is 
based on the use of a pen or writing head which 

25 essentially consists of a refractory tip wetted with 
the said material in the molten state. The tip is 
formed by a small piece of a wire, typically made 
of a refractory metal such as tungsten, that has 
been electrolytically sharpened and roughened. 

30 The tip is attached, e.g. by micro welding, to the 
top of a heater, which typically consists of a V- 
shaped piece of the same tungsten wire. In turn, 
each extremity of the V-shaped heater is welded to 
a pin that emerges from an insulating base support, 

35 e.g. a 3-iead TO-5 package, with three pins par- 
tially casted therein, as standard. The pen is incor- 
porated in an apparatus adapted to the direct writ- 
ing technique. To that end, the tip is attached to a 
supporting device, which is preferably operable to 

40 move along the Z-axis, while the substrate is 
placed on an X-Y stage, for adequate X. Y, and Z 
relative movements therebetween. The two pins of 
the pen are connected to a power supply to re- 
sistively heat the heater. When the welding point of 

45 the tip/heater assembly reaches the melting point 
temperature of the material to be deposited, it is 
dipped in a crucible containing the said material in 
the molten state. The welding point nucleates a 
minute drop of the liquid material and thus forms a 

so spatial reservoir without any container. A thin film 
of the liquid material flows from the reservoir and 
wets the whole tip surface. Finally, the wetted tip is 
gently brought into contact with the substrate and 
deposition of the material takes place. A physical 

55 contact between the tip apex and the substrate 
surface is not required, which limits tip wear. Pref- 
erably, the tip/heater assembly is vibrated to facili- 
tate deposition of the material. Different configura- 

5 
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tions of tips may be used to create different types 
of patterns. For instance, ultra-fine lines of metal 
can be formed to define the electrical connections 
of an IC chip, or larger zones of an opaque material 
in the repair of masks, as well. 

In essence, the deposition method of the 
present invention, consists in the direct writing of a 
material on a solid substrate using a tip wetted with 
the said material in the molten state. Various ma- 
terials, either of the conductive type including stan- 
dard metals (Al) and metal alloys (Al-Si, Au-Si, ...) 
and some refractory metals (Cr, Ta, ...) or of the 
non-conductive type, such as organic or non-or- 
ganic insulators, can be deposited. The substrate 
may be selected in a great variety of supports and 
may have either a planar or non-planar surface. 
Moreover, with the method and apparatus of the 
present invention, a totally mask free manufacture 
of semiconductor IC chips, and in particular of lll-V 
IC chips, is henceforth possible. The deposition 
method of the present invention has numerous 
advantages and applications not only in the semi- 
conductor technology field but in other fields as 
well. 

The features believed to be characteristic of 
this invention are set forth in the claims. The inven- 
tion itself, however, as well as other objects and 
advantages thereof will be best understood by ref- 
erence to the following detailed description of an 
illustrated preferred embodiment to be read in con- 
junction with the accompanying drawings. 

Fig. 1 is a schematic diagram of the pen ac- 
cording to the teachings of the present invention. 

Fig. 2A is a schematic diagram showing an 
enlarged view of the tip/heater assembly of the pen 
of Fig. 1. 

Fig. 2B is a schematic diagram showing the 
tip/heater assembly of Fig. 2A when wetted with a 
liquid material. 

Fig. 3 illustrates a schematic diagram of the 
apparatus of the present invention. 

Fig. 4 is a schematic diagram showing the 
pen/piezo device assembly of the apparatus of Fig. 
3. 

Fig. 5 is a photograph showing a perspective 
view of the experimental set-up of the apparatus of 
Fig. 3. 

Fig. 6 is a schematic diagram to illustrate the 
direct writing method of the present invention when 
applied to the formation of a fine line of a given 
material onto a substrate. 

Fig. 7 is a photograph that illustrates the direct 
writing method of the present invention when ap- 
plied to the formation of a metal connecting strap 
or land onto a polyimide sheet. 

Fig. 8 is a photograph showing an enlarged 
cross-sectional view of the metal connecting land 
of Fig. 7, to illustrate the typical tapered edges and 



rounded corners thereof. 

Fig. 9 is a plot of the resistance (in Ohms) of 
the metal connecting land of Fig. 7, as a function of 
its length/surface ratio (in urn 
5 Fig. 10 is a photograph showing a pattern of 

parallel metal conductive lines formed onto an 
Si02 insulating substrate still according to the 
method of the present invention. 

As illustrated by Fig. 1, the pen 10 basically 

w consists of a tip 1 1 formed by a small pointed 
piece of a refractory metal, such as tungsten, that 
has been sharpened and roughened (for better 
wetting with the material to be deposited) accord- 
ing to an electrolytic process to be described be- 

15 low in more details. In a preferred embodiment, the 
tungsten tip 11 is attached, for instance by welding, 
to the top extremity of a V-shaped piece of a 
tungsten wire, referred to thereafter as the heater 
12. The welding point and the tip/heater assembly 

20 are respectively referenced 13 and 14 in Fig. 1. 
Still in this preferred embodiment, a standard 3- 
lead TO-5 package base 15 including two pins 16 
and 16' is used to be the holding device for the 
tip/heater assembly 14. The two other extremities 

25 of the V-shaped heater 12 are welded to the ex- 
tremities 16a and 16'a of respective pins 16 and 16 
that emerge at about 3mm of the base 1 5 surface. 
The free extremities of the pins are ready for being 
connected to a power supply to resistively heat the 

30 tip/heater assembly, when the pen is mounted in 
the apparatus, as it will be explained later on. This 
terminates the description of the pen or writing 
head 10. 

An adequate process of fabricating the heat- 

35 er/tip assembly 14, which is the key element of the 
pen 10, reads as follows. In a preferred embodi- 
ment, the starting material to fabricate the tip 11 
and heater 12, is a 0,1 mm diameter tungsten wire, 
such as supplied from MOLYTECH, Meribel, 

40 France. However, the tip and the heater can be 
fabricated using other materials, the tip/heater as- 
sembly must be fabricated with a material whose 
melting temperature is higher than the melting tem- 
perature of the material to be deposited and which 

45 is capable to be wetted therewith. In addition, no 
chemical incompatibility should exist between the 
material forming the tip and the material to be 
deposited. First of all, the V-shaped heater 12 is 
formed by folding a small piece of said wire. Typi- 

50 cally, each side or leg of the V-shaped wire for- 
ming heater 12 is about 1,5 cm long. As apparent 
from Fig. 1 , the top of the V is slightly tilted with 
respect to the legs, to form an angle of about 45 ° 
therewith, approximately at two-third from the top. 

55 Then, a 2mm long piece of the same tungsten 
wire, that has been previously coarsely cut with 
cutting pliers, is welded at the top of the V, at 
welding point 13, to form the tip 11. In turn, the 
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extremities of the heater 12, opposite to said top, 
are welded to pin extremities 16a and 16'a. Now, 
an electrolytic process is performed to sharpen the 
tip on about half of its length and to roughen the 
whole tip and the top portion of the heater at the 
close vicinity of welding point 13 (a few millimeters 
of the tilted portion). The tip is roughened for a 
better wetting by the material in the molten state. 
However, certain materials such as Au-Si alloys wet 
the tip without this requirement. Likewise, the said 
top portion of the heater is also roughened to 
facilitate the formation of a bullet of molten material 
as it will be described in more details later on. For 
instance, this sharpening and roughening may be 
obtained according to the processing steps now 
described. The tip is dipped in an electrolytic bath 
comprised of an NaOH and glycerol solution (8g 
NaOH/lOOml glycerol) kept at about 40 "C, so that 
its coarsely cut extremity is eliminated by applying 
a 20V AC voltage between the electrode and the 
tip, as standard. Next, the remaining tip (about 
1mm) is dipped again in the same solution, but 
now a variable voltage decreasing from about 15 to 
about 5V, is applied during about 90s to sharpen 
the tip and obtain the desired shape and apex 
radius. Finally, the tip and said heater top portion 
are etched to provide the desired rugosity at their 
surface. To that end, they are dipped in the solu- 
tion with a low tension, e.g. 1V and during a few 
seconds e.g. 1 to 3s, to create the necessary 
pitfalls. The resulting structure is illustrated in Fig. 
2A t which shows an enlarged view of the tip/heater 
assembly 14 of Fig. 1, and clearly evidences the 
typical needle-shaped profile of the tip and the 
roughened surface of the tip and heater top portion. 
As to this described electrolytic process, technical 
background can be found in the article authored by 
JP Ibe et al, Journal of Vacuum Science and Tech- 
nology A, 4, 3570 (1990)). In Fig. 2A, where the tip 
apex is referenced 18, the tip apex radius is about 
1um. In a typical application to the forming of ultra- 
fine lines of metal for VLSI IC chips, a tip apex 
radius of approximately 0,5 to 2 urn is generally 
adequate. In reality, the apex radius is not a critical 
parameter of the tip, because, as it will be ex- 
plained later on, there is no need of a physical 
contact between the tip 1 1 and the substrate. 

A method of wetting the tip with the material in 
the molten state is now given hereinbelow. First, 
the heater/tip assembly 14 (at the vicinity of the 
welding point 13) is heated until it reaches the 
melting point temperature of the material to be 
deposited. Then, the assembly is dipped in a cru- 
cible containing the said material in the molten 
state. Because of surface tension forces, the weld- 
ing point 13 nucleates a minute drop or bullet of 
the liquid material that forms "spatial" reservoir 
19a. From reservoir 19a, the liquid material flows 
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and in turn forms a film 19b that wets the whole tip 
1 1 surface. In reality, the reservoir and the film 
form a continuous volume of liquid material, whose 
contour is visible, under reference 19, in Fig. 2B. It 
5 is noticeable to remark that the reservoir 1 9a does 
not require any container to store the material. 

There is no apparent physical limits in the tip 
diameter. In particular, the tips of the present in- 
vention can be employed in fields such as the 

w semiconductor and packaging technology. Other 
technical fields may be envisioned as well. For 
instance, tip diameters in the range of 0,5 to 2u.m 
can be used to fabricate or to modify the conduc- 
tors of the standard devices that are integrated to 

/5 date in VLSI semiconductor IC chips. Even smaller 
tip diameters, in the range of 10-100 nm, can be 
used to fabricate more integrated devices or quan- 
tum devices. Conversely, the extension towards 
tips of larger sizes (e.g. 10-1000 urn) is readily 

20 feasible. Such larger tips can find applications in 
the manufacture of metallized ceramic (MC) and 
multi-layer ceramic (MLC) substrates. A needle- 
shaped tip has been described in this preferred 
embodiment, by reference to Figs. 2A and 2B, 

25 however, this particular design must not be inter- 
preted limitatively. Other pointed tip shapes may 
be envisioned as well such as post-shaped, doctor 
blades, brush-like tip structures, and the like. As a 
matter of fact, the nature of the refractory material 

30 forming the tip, its length, shape, and other param- 
eters as well, depend upon the specific application 
involved. Moreover, different designs or variants of 
the tip/heater assembly 14 may be contemplated. 
For instance, instead of being V-shaped ; the heater 

35 may be shaped into a coil (which will significantly 
increase the reservoir capacity). Likewise, the tip 
may be inserted at the interior of a thin capillary 
tube connected to a source of liquid material (for 
automatic feeding of the tip), ... etc. The apparatus 

40 which incorporates the pen 10 of the present inven- 
tion, is schematically depicted in Fig. 3 where it 
bears numeral 20. According to a preferred em- 
bodiment, apparatus 20 comprises a vacuum 
chamber 21 connected to a vacuum pump 22. The 

45 substrate 23 is carried by an X-Y stage or table 24 
whose movements are controlled by conventional 
control means 25. The holding device 17 of pen 10 
is attached to a supporting frame 26, which, in the 
described preferred embodiment, first includes an 

so annular plastic part 27 adapted to receive the base 
15 of pen 10 on one face. The two free extremities 
of pins 16 and 16' of pen 10 are emerging on the 
opposite face. The latter is provided with a central 
recess adapted to receive the first extremity of an 

55 arm 28 forcedly engaged therein. The other ex- 
tremity of arm 28 is affixed to the strip of a piezo 
device 29 by a screw. Finally, the piezo device 29 
is mounted on module block 30 to terminate con- 
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struction of supporting frame 26. For instance, ap- 
propriate piezo devices are available from Tokin 
Corp, Tokyo, Japan under reference NLA 2x3x18. 
The module block 30 can actuate the pen 10 in the 
X, Y and Z directions thanks to three stepping 
motors (optionally module block may also rotate 
the pen), under the control of control means 31. 
The Z direction stepping motor allows coarse ad- 
justment of the spacing distance or gap between 
the wetted tip and the substrate, just to come 
within the effective range (about 1 mm) of the 
piezo device. The role of the piezo device 29 is 
then to finish the fine adjustment of the said spac- 
ing distance, when the wetted tip is brought into 
contact with the substrate. In addition, it is operable 
to cause vibrations to the tip along the Z direction. 
The piezo device 29 is driven under the control of 
piezo control means 32. These vibratory move- 
ments may reveal to be mandatory in certain situ- 
ations, e.g. to overcome surface irregularities (such 
as micro-stairs), or to fill via-holes or even to ini- 
tiate the deposition process. On planar substrate 
surfaces, these vibratory movements are generally 
no longer required but in all cases, they facilitate 
the deposition process. X-Y stage 24 and module 
block 30 are standard parts and are commercially 
available, for instance, from RAITH GMBH, Dort- 
mund, Germany. The two pins 16 and 16' of pen 
10 are connected to power supply 33 for resistively 
heating the tip/heater assembly 14. The man 
skilled in the art easily understands that the X, Y, 
and Z relative pen/substrate movements, which are 
required for the direct writing operation, can be 
achieved in a number of manners. The material 34 
in the molten state is contained in a crucible re- 
ferenced 35, provided with an heating coil 36 and 
associated temperature control means 37 as also 
illustrated in Fig. 3. The crucible is designed so 
that the pen may be dipped therein to feed (or 
refeed) the reservoir 19a or just to decontaminate 
the tip. There is no apparent need to implement an 
automatic feeding system, because of the capacity 
of the reservoir and the extremely small quantity of 
material that is required to the deposition process. 
As a matter of fact, the capacity of the reservoir 
19a shown in Fig. 2B is about 1 mm3, assuming 
the material to be deposited is a metal, this capac- 
ity would allow to write about 1 km of a lum x 
1um conductive line. Alternatively, the pen may be 
supplied to the user with the reservoir pre-filled, so 
that the pen is ready at once, it just suffices to heat 
the reservoir to have the tip wetted in a few sec- 
onds. However, should such an automatic feeding 
system be required, there would be no obstacle in 
any respect. 

Fig. 4 is a partial enlarged view of the 
pen/supporting frame assembly of Fig. 3. As appar- 
ent from Fig. 4. the tip 1 1 is disposed substantially 



obliquely, at about 45' with respect to an horizon- 
tal plane. The two free extremities of pins 16 and 
16' are emerging through the said opposite face of 
part 27 and are connected via wires to power 
5 supply 33. Likewise, the piezo device 29 is also 
electrically connected to piezo control means 32 
via a single electrical wire as standard. 

The fine tip apex-to-substrate spacing distance 
adjustment can be controlled in a great variety of 

w manners. Manual adjustment can be performed by 
optical observation either directly or through a bin- 
ocular or a microscope. It can also be performed 
automatically based on the use of sensors sensitive 
to repulsive or attractive atomic/capillary force ef- 

15 fects, pressure, capacitance or line resistance mea- 
surements, and the like. Still assuming the material 
to be deposited is a metal, apparatus 20 may 
preferably further include an electrical continuity 
probing system. Two test probes are useful to 

20 perform electrical continuity or resistance measure- 
ments. In this instance, a master-slave system can 
be adapted to apparatus 20, so that, if the probing 
system detects any discontinuity (caused by a 
"skip" of the tip) during formation of a conductive 

25 line, the pen may resume the deposition process. 
The adaptation of a temperature controller, for a 
more accurate control of the tip/heater assembly 14 
temperature, for instance by IR micro-pyrometry, is 
also within the purview of the man skilled in the art. 

30 According to the embodiment of Fig. 3, the 

tip/heater assembly 14, once connected to the 
power supply 33, maintains the material in a mol- 
ten state, so that the liquid material continuously 
flows from the reservoir 19a and wets the tip sur- 

35 face with film 19b. However, other direct and in- 
direct heating techniques of the reservoir 19a, such 
electron and laser bombardment, induction, and the 
like are encompassed as well. No heating device is 
provided to heat the substrate 23, however, such a 

40 device could be easily adapted if so required. 
Obviously, because of its simplified construction, 
the apparatus 20 of Fig. 3 could be fully auto- 
mated. 

Finally, it is also to be noted, that the present 
45 apparatus is fully compatible with existing FIB-CVD 
stations. In this case, if the apparatus is housed in 
the vacuum chamber of a scanning electron micro- 
scope or of a FIB station, the SIM image, whose 
usefulness was mentioned above as to an accurate 
50 control of the writing process, is fully available. The 
apparatus 20 of Fig. 3 normally operate at the 
room temperature. Moreover, it may also operate at 
the ambient atmosphere, if the tip refractory ma- 
terial is not destroyed in air when it is heated. 
55 However, in certain cases, e.g. deposition of Au-Si, 
this difficulty can be overcome if a neutral gas 
(nitrogen or argon) is blown, so that oxidation of the 
tip/heater assembly 14 is avoided (and contamina- 
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tion of the deposited Au-Si metal as well). 

Fig. 5 is a photograph showing the experimen- 
tal set-up of the apparatus 20 of the present inven- 
tion that has been reduced to practice. The probing 
system mentioned above includes two probers 38 
and 39 mounted on their respective module blocks. 

The principle of the deposition method will be 
now described. A typical simple way of feeding the 
welding point 13 with said liquid material reads as 
follows. First of all, it is necessary to create a 
source of material in the molten state. For instance, 
in the vacuum chamber 20 (see Fig. 3), crucible 35 
is filled with an ingot or pellets of the material to be 
deposited. The material 34 is heated to above its 
melting point temperature. Simultaneously, the pen 
10 pins 16 and 16' (Fig. 1) are connected to power 
supply 33, so that an adequate current passes 
therethrough for resistively heating the tip/heater 
assembly 14. The temperature of the tip/heater 
assembly at the vicinity of the welding point 13, is 
raised to above the said melting point temperature 
of the material. The purpose is to prevent any 
thermal shock therebetween. Next, the tip/heater 
assembly is dipped in the crucible, reservoir 19a is 
filled and film 19b is created. As soon as the tip 1 1 
is wetted by the film, it is ready for use. In case the 
pen was previously used (pre-filled reservoir), the 
remaining material forming the reservoir and the 
film being solidified, it just suffices to heat the 
tip/heater assembly as explained above, to achieve 
the same result. The wetted tip 1 1 carried by 
supporting frame 26, being in the "up" position, is 
moved along X and/or Y directions, to be posi- 
tioned just above the initial deposition point. Sup- 
porting frame is moved via control means 31 either 
manually with a micromanipulator or automatically. 
Then, the tip is coarsely adjusted above the sub- 
strate, e.g. at approximately 1mm, in the Z direc- 
tion using the Z stepping motor. Next, a fine adjust- 
ment is performed with the piezo device (still in the 
Z direction) by visual inspection until the film of 
liquid material coating the tip comes in intimate 
contact with the substrate surface. This fine Z 
movement is completed under control of piezo 
control means 32 (Fig. 3). For the rest of the 
deposition process, it is convenient (essentially to 
avoid defocusing of the SIM image, if any), to 
move the substrate only by actuating the X-Y stage 
under the control of control means 31. The man 
skilled in the art will understand that, what is 
sought in reality, are appropriate X, Y, and Z rela- 
tive movements between the tip and the substrate. 

Now turning to Fig. 6, the liquid material flows 
(on the action of capillary forces) from the film 19b 
wetting the tip 1 1 onto the surface of substrate 23 
and becomes solid thereon, for instance writing a 
fine line 40 of the said material as soon as sub- 
strate 23 is moved in X and/or Y directions. A 



typical location of the liquid/solid interface front is 
referenced 41. Relatively high accuracy move- 
ments between tip and substrate (mechani- 
cal/piezo) allow to place the wetted apex of the tip 
5 at the appropriate spacing distance h to have depo- 
sition to take place. In essence, the liquid material 
flows from the tip, wets the substrate surface and is 
solidified thereupon. The method described in con- 
junction with Fig. 6 finds direct application in the 

w formation of ultra-fine conductive lines to meet the 
interconnection requirements of VLSI IC chips. 
However, the present method is capable of forming 
many other patterns, and in particular is capable to 
create metal test pads (e.g. either by multiple scan- 

75 ning if the described pointed tip is used or by 
employing a doctor-blade tip), that are so much 
appreciated in device test and evaluation. It is to be 
noted, that unexpectedly, the method of the 
present invention is capable of fabricating dendritic 

20 like structures and bridge-shaped conductors. 

As soon as the substrate is moved, line 40 is 
formed with an excellent adherence therewith. Note 
that, as apparent from Fig. 6, it is not necessary to 
have the tip 1 1 apex brought into physical contact 

25 with the substrate surface, according to a signifi- 
cant feature of the present invention. As a result, 
tip apex wear is significantly limited and a long 
usage of the tip is expected. 

As mentioned above, according to another sig- 

30 nificant feature of the present invention, a vibratory 
movement can be applied to the tip to facilitate 
deposition at the initial point and can be maintained 
during all the deposition process if so desired. In 
some instances, the substrate may act as a heat- 

35 sink and thus cools the liquid material at the tip 
apex. This is particularly true when a metallic sub- 
strate is used (for instance, when a conductive land 
must contact a metallic pad, as illustrated in EX- 
AMPLE 1 below). In this instance, the interface 

40 front 41 of Fig. 6 tends to move towards the tip 
apex, making thereby the deposition process more 
difficult. The role of the vibratory movement is thus 
to prevent solidification of the liquid material at the 
contacting point. The very high accuracy of the 

45 combined X-Y movements of stage 24 with the Z 
movement provided by the piezo device 29 allow 
to deposit the material without any damage for the 
substrate 23. It is further possible, with the vibra- 
tory movement of tip 1 1 to overcome a "micro- 

50 stair" or even to fill a via-hole. As a result, still 
assuming the deposition of a metal, it is then 
possible to make conductive lines and studs in the 
Z direction, opening thereby the feasibility of 
fabricating 3-D structures. 

55 In addition, still according to another significant 

feature of the present invention, when a metal is 
deposited on a metallic substrate, in the instance 
mentioned above, a current generator may be con- 



BNSDOCID: <EP^_0637057A1 _l_> 



17 



EP 0 637 057 A1 



18 



nected between the tip/heater assembly and the 
metallic pad (must be grounded), to significantly 
improve the deposition process. The DC current 
which is superposed to the DC heating current 
supplied by power supply 33 produces micro-dis- 
charges which in turn, cause the formation of small 
metal dots that have an astonishing adherence. 
These dots can be overlapped to create a conduc- 
tor. As a result, the pen of the present invention is 
readily adaptable to the micro-arc welding tech- 
nique. 

Finally, the deposition process is usually 
achieved at room temperature. The deposition rate 
should be tuned to yield continuous deposition. In 
general, speeds in the range of 20 um/s are appro- 
priate, but they obviously depend of the substrate 
surface quality and specific application involved. 

According to the present invention, the princi- 
ple of deposition can thus be compared to the 
microscopic reproduction of writing on a plate with 
a ink pen, wherein the pen would consist of a 
sharpened and roughened refractory metal tip, and 
ink be replaced by a material in the molten state. 

EXAMPLE 1 

Au-Si metal alloy fine lines are deposited to 
form a conductive strap or land 42 on the surface 
of a substrate, in this instance, a polyimide sheet 
43 having two square-shaped gold pads 44 and 45, 
as depicted in Fig. 7. Operating parameters are: a 
heating DC current of about 0,7A flowing in the 
heater 12 to raise its temperature to just above the 
Au-Si melting point temperature, i.e. about 350 °C. 
As soon as the film 19b is formed, the wetted tip 
1 1 is gently brought into contact with pad 44 (the 
tip apex to pad surface spacing distance is about a 
few nanometers). The tip is vibrated in the Z direc- 
tion to ensure a good adherence of the Au-Si metal 
alloy on the gold pad. Next, the polyimide sheet 43 
begins adequate movements in the X and/or Y 
direction. As apparent from Fig. 7, the obstacle 
formed by the "micro-stair" at the pad 44 sidewall 
is properly overcome with no electrical discontinu- 
ity between the two pads. The speed, frequency 
and magnitude of the vibration are adjusted ac- 
cording to the interaction between the deposited 
Au-Si and the polyimide sheet. In the instant case, 
the speed deposition is about 5um/s, the vibration 
amplitude is 0,5um and frequency is about 20Hz. 
The land 42 that is obtained has a cross-section of 
about 3 urn x 3 urn. Once the "micro-stair" is 
overcome, the deposition continues onto the 
polyimide sheet 41, and the vibration of the tip is 
no longer a mandatory requirement. The deposition 
method described by reference to EXAMPLE 1 
demonstrates that the direct writing method of the 
present invention is not limited to substrates having 



planar surface, but is still operative with irregular 
surfaces, as well. 

As apparent from Fig. 8, which shows a cross- 
sectional view of land 42 of Fig. 7, whose edges or 

5 sidewalls are tapered and the corners thereof 
rounded. The method of the present invention may 
be thus used to improve the topology of metal lines 
or conductors and is particularly attractive when 
applied to refractory metallization in that respect. 

to Moreover, the land section and the neat aspect of 
the Au-Si alloy/polyimide sheet interface are good 
indicators of the excellent adherence of the land 
forming metal with the polyimide sheet. 

Now turning again to Fig. 7, between pads 44 

75 and 45 that are spaced of about 180 urn, the 
measured resistance is 0,2 Ohms. Fig. 9 is a plot 
of the measured resistance R (in Ohms) versus the 
land length, more exactly the land length/land sec- 
tion ratio, i.e. l/s (in urn" 1 ). Curve 46 which aver- 

20 ages the different measured points has a slope 
which is illustrative of the resistivity of the depos- 
ited Au-Si. It is thus clearly apparent from Fig. 9, 
that the the resistivity of the deposited Au-Si is 
substantially identical to the one of the bulk Au-Si 

25 metal alloy (2,6 10~ 6 Ohms-cm). 

EXAMPLE 2 

Fig. 10 is a photograph that illustrates a pattern 
30 of fine parallel Au-Si lines that were obtained on an 
Si02 substrate according to the method of the 
present invention. The speed deposition was 10 
um/s. The lines are spaced of about 40 urn and 
have a cross-section of about 5 urn wide and 2 urn 
35 high. 

Therefore, various conductive materials includ- 
ing standard metals and metal alloys (Al-Si, Au-Si, 
Cu, ...) and refractory metals (Ta, Ti,..) can be 
deposited, except of course, tungsten (W) which 

40 forms the tip/heater assembly. However, non-con- 
ductive materials such as non-organic insulators 
(S13N4, Si02, . ) or organic insulators (polymers) 
can be deposited as well when they have appro- 
priate wetting and viscosity/fluidity characteristics. 

45 Deposition of other materials exotic to the semicon- 
ductor technology field is also possible. These ma- 
terials include molten salts, resists, solutions, bio- 
logical molecules and structures, ...etc. Depending 
on the material to be deposited, it may be required 

50 either to heat or to cool the substrate. Moreover, 
the substrate may be any type of material but not 
restricted to: ceramics, quartz, glasses, semicon- 
ductors such as Si and GaAs, insulating coatings 
such as nitrides and oxides, polymers such as 

55 polyimides, metals. ...etc. 

Because of its specific pointed shape, the tip 
1 1 of the present invention may also be used for 
subtractive processes. Many applications require 

10 
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fine lines formed onto a substrate to be delineated 
by ablation. 

A first conventional technique is mechanical 
scribing. Exemplary of articles typically produced 
by mechanical scribing are reticle masks. A resist- 
less process is thus sought in contrast with rela- 
tively expensive fine line lithographic techniques 
developed for IC chip fabrication. In that respect, 
mechanical scribing technique has far lower capital 
and operating costs, but some doubts remain on its 
capacity of scribing the ultra fine lines (e.g. 0,35 
urn) that will be required in the near future to 
fabricate the photomasks for advanced IC chips. 
Tip 11 of the present invention is capable of any 
use as far as standard mechanical scribing is con- 
cerned, but tip 1 1 is much more efficient, because 
the piezo device 29 provides additional destructive 
capabilities (power-hammer effect) that cannot be 
attained with standard tips. 

The mechanical scribing technique described 
above, uses a pointed piece of a solid material, in 
this instance the tip 11, to shape a workpiece. 
Conductive materials can also be shaped by elec- 
tromachining processes such as electric discharge 
machining (EDM), and in particular by the electro 
erosion machining. In this case, the workpiece is 
grounded and an arc is struck between an elec- 
trode and the workpiece. If the workpiece is suffi- 
ciently good conductor, the arc forms a plasma 
which vaporizes the material of the workpiece, at 
the vicinity of the arc. A reasonable control of the 
material removal is possible through arc control. A 
technique of drilling micro holes in various work- 
pieces, such as reticle masks, is described in US- 
A-51 49404 assigned to ATT. 

Tip 1 1 of the present invention can be readily 
adapted to operate this way. In a typical applica- 
tion, the tip 11, which plays the role of an elec- 
trode, is held in close proximity to, or contacting 
the workpiece to be scribed. The pins 16 and 16' 
are shorted and connected to one terminal of an 
electric power supply, the workpiece being con- 
nected to the other, via a switch. The tip is placed 
in contact or near contact with the workpiece by 
either gravity or other force such as provided by a 
system of spring. The contact force, if so required, 
depends on the specific application. When the 
power supply is switched on, the tip and the work- 
piece are translated with respect to each other, and 
the scribing takes place. The pen of the present 
invention may thus find another range of applica- 
tions, for instance, in the fabrication or the repair of 
photomasks. 

Therefore, the method and apparatus of the 
present invention exhibit many advantages. The 
method is adequate for the deposition of various 
materials on a great variety of substrates. Conduc- 
tive materials, such as metals, non conductive ma- 



terials, such as insulators, and other materials, 
such as semiconductors or superconductors, can 
be deposited. Refractory metals can be deposited, 
except tungsten, which is the preferred material 
5 forming the tip/heater assembly. The substrate sur- 
face needs not to be planar. 

- The tip is prevented from premature wear, 
because no physical contact with the sub- 
strate is required. As an additional result, the 

w present method does not harm the substrate 

surface, unlike the standard FIB-CVD deposi- 
tion technique, which requires high ion dos- 
age. 

- The piezo device may reveal to be a deter- 
75 mining feature in certain cases, for instance, 

to initiate the deposition process and to fill 
via-holes. Moreover the piezo device may be 
combined with a current generator to produce 
micro discharges for improved adherence of 
20 the deposited metal on a metallic substrate. 

- The deposition process is of the direct type. 
A metal connection line (e.g. 2 urn x 1 urn 
section) can be deposited at a speed of 
some tens of um/s. In addition, the resistivity 

25 of the deposited metal is equal to the resistiv- 

ity of the bulk metal to be deposited. As a 
result, it is easy to establish relatively long 
conductive lines to form the conductors of IC 
chips, e.g. several hundred of microns. More- 

30 over, said lines have the desired tapered 

edges. 

- The deposition process is very accurate. For 
instance, the high resolution of the method of 
the present invention allows to fill an open 

35 between two ultra-fine conductive lines with 

minimal spacing, for instance, two 0,3 urn 
wide lines spaced of about 0,3 am. 

- The deposition of metals is achieved without 
any toxic gas or compound, usually at room 

40 temperature and at the ambient atmosphere. 

- A number of different tip shapes and sizes 
may be used to produce a great variety of 
patterns. 

- The apparatus of the present invention is of 
45 simple construction and has low operating 

costs compared with the FIB-CVD stations. 

- It is easily adaptable to some subtractive 
processes, such as mechanical scribing and 
electroerosion machining. 

so As a consequence, the method and apparatus 

of the present invention finds a wide range of 
applications. 

First of all, the capacity of forming highly con- 
ductive fine lines of metals, is a much appreciated 

55 feature for the customization and repair of IC chips. 
However, resistors, instead of highly conductive 
lines could be deposited as well, should appro- 
priate compositions be used, such as cermets. On 
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the other hand, the capacity of forming large zones 
of an opaque material is very useful in the fabrica- 
tion and repair of photomasks. 

The capacity of filling via-holes (stud forming 
process), to deposit metal on the side of devices, 
and to deposit insulator on limited zones of a 
device, is a determining factor in the fabrication of 
3D structures. 

The capacity of depositing insulators may also 
be used to form small isolation regions and con- 
nections for optical fibers for instance, if molten 
glass is used as the deposited material. 

Other concerned fields include: fabrication of 
hybrid circuits, diffraction gratings, solar cells, 
quantum devices and the like. 

In particular, the method and apparatus of the 
present invention appear to be perfectly adapted to 
the fabrication of solar cells. Multiple adjacent pens 
may be easily combined with a ribbon of silicon 
transported by a continuously moving belt for in- 
expensive mass production of the same. 

This method appears to be extremely impor- 
tant for failure analysis (pad forming process), sam- 
ple preparation, micro-analysis, reconfiguration of 
IC chips and the like. 

Moreover, the IC chip and mask repair can be 
integrated into quality control cycles in which any 
defects in the patterns originally deposited are cor- 
rected as soon as the manufacture of the IC chip or 
mask has been completed. Therefore, it could be 
worthwhile to have the apparatus of the present 
invention at key locations of the manufacturing line. 

Another unique benefit of the method and ap- 
paratus of the present invention is its compatibility 
with other FIB techniques, such as ion implantation 
and ion milling or reverse sputtering, so that the 
integration of the metal deposition technique of the 
present invention would make possible an inte- 
grated, completely mask-free IC chip fabrication 
system. 

Claims 

1. An apparatus (20) for the direct writing of a 
desired pattern of a given material onto a sub- 
strate (23) having a major surface comprising: 

substrate support means (24) for support- 
ing said substrate; 

tip means (11) made of a material whose 
melting temperature is superior to the melting 
temperature of the material to be deposited 
and capable to be wetted by said material in 
the molten state; 

tip supporting means (26) adapted for 
maintaining the tip apex (18) above the said 
major surface of the substrate and at a deter- 
mined spacing distance (h) therefrom; 

supply means (19a) for feeding the surface 



of the tip including its apex with a film (19b) of 
said material in the molten state; 

heating means (12) for maintaining the 
said film slightly above the melting tempera- 
5 ture of said material: and, 

controlled drive means (25,31) for produc- 
ing relative movements between said substrate 
and the tip. 

w 2. The apparatus of claim 1 wherein said heating 
means are selected in the group including : 
electron bombardment, laser bombardment, in- 
duction heating and resistive heating. 

75 3. The apparatus of claim 2 wherein said heating 
means is resistive heating means. 

4. The apparatus of claim 3 wherein said tip 
supporting means includes a tip holding means 

20 (17). 

5. The apparatus of claim 4 wherein said tip 
holding means essentially consists of a TO-5 
package base (15) provided with two pins 

25 (16,16'). 

6. The apparatus of any above claim wherein the 
material forming said tip is a refractory metal. 

30 7. The apparatus of claim 6 wherein the refrac- 
tory metal is tungsten. 

8. The apparatus of claim 7 wherein said resistive 
heating means consists of a heater (12) made 

35 of a V-shaped wire of tungsten whose top is 

welded to the extremity of said tip opposite to 
the apex at a welding point (13) and whose two 
others extremities are welded to the extrem- 
ities (16a,16'a) of said pins (16,16*) embedded 

40 in said base for connection to a controlled 

power supply (33). 

9. The apparatus of claim 7 wherein said resistive 
heating means consists of a heater made of a 

45 coil of a tungsten wire whose two extremities 

are welded to the extremities (I6a,l6*a) of the 
said pins (16,16') and wherein the extremity of 
the tip which is opposite to the apex is welded 
to a winding of the said coil, so that the weld- 
so ing point (13) is located at approximately in the 
middle of said coil. 

10. The apparatus of claim 8 or 9 wherein the tip 
and the heater surface at the vicinity of the 

55 said welding point has the capability to nu- 

cleate a certain amount of the when dipped in 
the material in the molten state, said amount, 
in turn, forms a reservoir (19a) of the same that 
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wets the tip, when the latter is heated at the 
material melting point temperature. 

11. The apparatus of claim 10 wherein said sur- 
face is roughened. 

12. The apparatus of any above claim wherein said 
tip supporting means (26) is adapted to pro- 
vide fine movements to the tip in the Z direc- 
tion. 

13. The apparatus of claim 12 wherein said tip 
supporting means further includes a piezo de- 
vice (29) affixed on a module block (30) and 
having an arm (28) attached to said holding 
means (1 7). 

14. The apparatus of claim 13 wherein said piezo 
device is adapted to provide fine movement of 
the tip in the Z direction. 

15. The apparatus of claim 13 or 14 wherein said 
piezo device is adapted to provide vibrations to 
the tip. 

16. The apparatus of any above claim wherein said 
tip supporting means further includes means to 
provide coarse movement in the Z direction to 
the tip. 

17. The apparatus of claim 16 wherein said means 
includes a stepping motor in the module block. 

18. The apparatus of any above claim further in- 
cluding a vacuum chamber means (21) con- 
nected to a vacuum pump (22) for enclosing 
said apparatus in a clean atmosphere. 

19. The apparatus of any above claim further in- 
cluding crucible means (35) for containing said 
material (34) in the molten state. 

20. The apparatus of claim 19 wherein said cru- 
cible means are enclosed within said vacuum 
chamber. 

21. The apparatus of any above claim wherein said 
substrate support means comprises an X-Y 
stage. 

22. The apparatus of any above claim wherein said 
substrate support means comprises a moving 
belt. 

23. The apparatus of any above claim further in- 
cluding current generator means connected to 
said tip for micro-arc welding when a metallic 
substrate is used. 



24. The apparatus of any above claim further com- 
prising probing means. 

25. The apparatus of any above claim wherein said 
5 material is selected in the group comprising 

conductors, insulators, semiconductors and 
superconductors. 

26. The apparatus of claim 25 wherein said con- 
w ductors are selected in the group of low melt- 
ing point metals and metal alloys, and refrac- 
tory metals. 

27. The apparatus of any above claim wherein said 
75 substrate is selected in the group including 

semiconductors, insulators and metals. 

28. The apparatus of any above claim wherein said 
tip means is selected in the group including: 

20 pointed tips, post shaped tips, needle-shaped 

tips, brush-like tips and doctor-blade tips. 

29. Method for depositing a given material onto a 
substrate having a major surface according to 

25 a desired pattern comprising the steps of: 

providing a substrate (23) having a major 
surface located in a determined plane; 

providing a tip (11) wetted by a film (19b) 
of said material in the molten state; 
30 disposing the tip so that it is substantially 

directed obliquely with respect to the said 
plane; 

gently applying the wetted tip against the 
substrate surface; and, 
35 selectively providing a relative movement 

between the tip and the substrate to cause 
said material to be deposited onto said sub- 
strate according the desired pattern (40). 

40 30. The method of claim 29 wherein said tip apex 
is at the close proximity of the substrate sur- 
face but spaced enough therefrom to have 
only the film in contact but not the tip apex. 

45 31. The method of claim 30 further comprising the 
step of: 

applying a vibratory movement to the tip. 

32. The method of any claim 29 to 31 further 
50 comprising the step of: 

applying micro discharges to the tip. 

33. The method of any above claim 29 to 32 
wherein said material is selected in the group 

55 comprising conductors, insulators, semicon- 

ductors and superconductors. 
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34. The method of claim 33 wherein said conduc- 
tors are selected in the group of low melting 
point metals and metal alloys, and refractory 
metals. 

5 

35. The method of any claim claim 29 to 34 
wherein said substrate is selected in the group 
including semiconductors, insulators and met- 
als. 

w 

36. The method of any above claim 29 to 35 
wherein the tip is made of a refractory metal 
such as tungsten. 

37. Application of the method as recited in any 75 
above claim 29 to 36 to the forming of conduc- 
tive interconnection lines in a VLSI semicon- 
ductor chip. 

38. Application of the method as recited in any 20 
above claim 29 to 36 to the deposition of an 
opaque material in the repair of photomasks. 

39. Application of the method as recited in any 
above claim 29 to 36 to the deposition of 25 
conductive interconnection lines in the 
customization of VLSI IC chips. 

40. Application of the method as recited in any 
above claim 29 to 36 to the deposition of 30 
conductive interconnection lines in the small 
volume production of VLSI IC chips. 
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